INTRODUCTION
This report provides hydrologic information to the Bureau of Fish Management for evaluating its salmonid fish-propagation program. Streamflow characteristics, provided by previous studies, were used to estimate surface-water availability. Data from previous hydrologic and geologic studies, supplemented by test drilling, were used to estimate ground-water availability. The response of the ground-water system to water-supply development was estimated for the Crystal Springs, Osceolo, Langlade, and Nevin stations.
The current source and inflow rate of water supplies at the 12 stations ( fig. 1) lowest flow that would be available for diversion in a specified period. Estimates of the lowest mean discharge that occurs for 7 consecutive days on the average of once in 2 years (7-day Q2) or once in 10 years (7-day QlO) were based on a drainage area-discharge relationship (table 2) . These data indicate the relative amounts of water available for water supplies by diversion. Greater amounts of water could be used at these sites if surplus flows were impounded. (Impoundment design requires mean discharge data that were not available during this study.) Holmstrom, 1979 .
Ground Water
Water is available from the sand-and-gravel aquifer at all stations and from the sandstone aquifer at 7 of the 12 stations. Wells in the sandand-gravel aquifer may yield from 100 to 1,000 gal/min. Wells in the sandstone aquifer may yield from 50 to 1,000 gal/min. Development of a supplemental water supply from the sand-and-gravel aquifer at the Bayfield, Brule, Hayward, Nevin, Osceola, St. Croix Falls, and Thunder River stations is not feasible because of the low probable yield. At the Crystal Springs, Hayward, Lakewood, Langlade, and Thunder River stations, a supplemental water supply from the bedrock aquifer is not available. A description of the aquifers at each site and probable well yields is given in table 3.
Because of planned early development, additional information was obtained at the Crystal Springs, Langlade, Nevin, and Osceola stations. Test drilling provided data on glacial aquifer characteristics and saturated thickness. Digital-model analysis indicated the relative effect of developing the aquifers at these sites. To provide a basis of comparison among the four sites, the model assumed that at each site four wells would be located symmetrically about the hatchery and each pumped at a constant rate of 400 gal/min.
Crystal Springs
The sand-and-gravel aquifer at the Crystal Springs station is composed of pitted outwash sand and gravel. Sand and,gravel occurs at the surface except near the raceway, where one test hole penetrated 25 ft of gray clay at the surface. The extent of the clay is unknown, but it probably underlies the entire raceway area. Test holes were drilled to 129 ft, but bedrock was not reached.
Aquifer characteristics were estimated from pumping test data in the Antigo Flats area reported by Harder and Drescher (1954, p. 22) . Hydraulic conductivity was estimated as 2,000 ft/d, and storage coefficient was estimated as 0.15. The aquifer was modeled as a wedge ranging in thickness from 70 ft northeast of the station to 190 ft southwest of the station and having an average saturated thickness of 125 ft.
Digital-model analysis (McLeod, 1975 ) indicated a probable maximum drawdown of 10 ft after 10 years of continuously pumping 1,600 gal/min from four wells in the sand-and-gravel aquifer. This drawdown is 8 percent of the average saturated thickness. Drawdown distribution is shown in figure 2. The circular distribution reflects the assumed uniform aquifer characteristics.
Langlade
The sand-and-gravel aquifer at the Langlade station is composed of outwash and ice-contact sand-and-gravel deposits. Test holes were drilled to 38 ft, but bedrock was not reached. Aquifer characteristics were estimated from pumping test data in the Antigo Flats area reported by Harder and Drescher (1954, p. 22) . Hydraulic conductivity was estimated as 2,000 ft/d, and storage coefficient was estimated as 0.15. Saturated thickness of the aquifer was modeled as a uniform 80 ft. Induced leakage from Dalton Creek was included in the model. (McLeod, 1975 ) indicated a probable maximum drawdown of 28 ft after 10 years of continuously pumping 1,600 gal/min from four wells in the sand-and-gravel aquifer. This is 35 percent of the saturated thickness. Drawdown distribution is shown in figure 3 . Drawdown along the stream, where leakage occurs, does not reach as far out from the pumping center as it does away from the stream.
Digital-model analysis

Nevin
The sand-and-gravel aquifer at the Nevin station is sandy ground moraine, lying in a preglacial valley in the underlying sandstone. The sandstone is several hundred feet thick. The sand and gravel and the upper zone of the sandstone function as a hydrologic unit.
Aquifer characteristics were reported by McLeod (1975) . Hydraulic conductivity was estimated at 170 ft/d for the sandy ground moraine and at 85 ft/d for the sandstone. The storage coefficient was estimated at 0.10 for both aquifers. Saturated thickness of the combined sand-and-gravel and sandstone aquifer was estimated at 200 ft.
Digital-model analysis (McLeod, 1975 ) indicated a probable maximum drawdown of 22 ft after 10 years of continuously pumping 1,600 gal/min from four wells in both the sand-and-gravel and sandstone aquifers. Because there is a positive artesian head of approximately 10 ft, the net drawdown below land surface is only 12 ft, or 6 percent of the saturated thickness. Drawdown distribution is shown in figure 4 . The drawdown extends farther into the sand-and-gravel aquifer than into the sandstone, and the shape of the drawdown cone is elongate along the trend of the preglacial bedrock valley.
Osceola
The sand-and-gravel aquifer at the Osceola station is a morainal deposit composed of poorly sorted silt, sand, and gravel. It is only about 20 ft thick. The bedrock aquifer is composed of sandstone and is of small extent, contained within a southwest-to-northeast trending fault zone.
Hydraulic conductivity was estimated as 85 ft/d in the glacial sand and as 125 ft/d in the sandstone. The storage coefficient was estimated as 1.1X10"~3 for both aquifers. Saturated thickness was assumed to be 300 ft.
Digital-model analysis (McLeod, 1975 ) indicated a probable maximum drawdown of 16 ft after 10 years of continuously pumping 1,600 gal/min from four wells in the sand-and-gravel and sandstone aquifers. This is 6 percent 88°42' R.14 E.
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Base from U. S Geological Survey 1:48,000 quadrangles of the saturated thickness. Drawdown distribution is shown in figure 5 . The shape of the drawdown cone is due to the St. Croix River, just west of the station, which provides recharge.
WATER QUALITY
The chemical analyses of water from selected salmonid fish-propagation stations (table 4) indicate characteristics of current supplies. Comparison of the inflow and outflow at eight stations shows that fish-rearing operations cause little change in water quality.
SUMMARY AND CONCLUSIONS
Supplemental water supplies from surface-water sources are available at 7 of the 12 salmonid fish-propagation stations. Ground water is available from the sand-and-gravel aquifer at all stations and from sandstone aquifers at 7 of the 12 stations.
Development of supplemental supply from the sand-and-gravel aquifer at the Bayfield, Brule, Hayward, Nevin, Osceola, St. Croix Falls, and Thunder River stations would be inadequate for needs. At the Crystal Springs, Hayward, Lakewood, Langlade, and Thunder River stations, supplemental supply from the bedrock aquifer is not available. Supplemental supply from the bedrock aquifer at the St. Croix Falls stations would probably be inadequate for needs. Adequate supplemental supplies at the Hayward station are not available from either ground-or surface-water sources. Supplemental supplies from ground-water and(or) surface-water sources at other stations are adequate for needs.
Because of planned early development, the drawdown caused by continuously pumping 1,600 gal/min for 10 years from the sand-and-gravel aquifer at the Crystal Springs and Langlade stations and the sand-and-gravel and sandstone aquifers at the Nevin and Osceola stations was modeled. Estimated drawdowns ranged from 6 percent of the saturated thickness at Nevin and Osceola stations to 35 percent of the saturated thickness at the Langlade station.
